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THE LIFE CYCLE OF TRYPANOSOMA BRUCEI IN THE RAT 
AND IN RAT PLASMA 

By Rh. Erdmann 
OSBORN ZOOLOGICAL LABORATORY, YALE UNIVERSITY 

Presented to the Academy, August 5, 1915 

It is well known that Trypanosoma brucei does not appear in the 
peripheral circulation until about forty-eight hours after inoculation. 
The actual history of the organism during this period has not yet been 
established for Trypanosoma brucei; and in other trypanosomes, in 
spite of numerous investigations, it has not been fully elucidated (cf. 
Minchin,1 and Carini2). It has been impossible to study the uninter- 
rupted life history of the trypanosome in the mammalian host. 

The method of cultivating Trypanosoma lewisi outside the mam- 
malian host was first discovered by Novy and McNeal in 1903.3 Mc- 
Neal4 states that Trypanosoma brucei changes its form in the culture 
medium into round bodies which are not capable of causing infection 
in the rat. Laveran and Mesnil5 show four stages of this transformation 
of trypanosomes into round bodies in a medium of serum anid horse blood. 
These authors term these forms "mis en boule" and believe that they are 
capable of starting a new infection and that they are comparable, when 
submitted to unfavorable conditions, to the 'latent bodies' found by 
More and Breinl6 in Trypanosoma gambiense and later in Trypanosoma 
equiperdum and Trypanosoma lewisi.7 These mammalian trypano- 
somes showed, according to these authors, cyclical changes in the num- 
ber of trypanosomes in the host and the periodic appearance of the 
'latent bodies.' Thus there are periods in which many try-panosomes 
are in the peripheral blood and periods in which few or none can be 
discovered. These round forms have never been seen in the mammalian 
blood in Trypanosoma brucei, but only in the above mentioned culture 
media. 

For the purposes of the present study, which demand a continued 
control of the trypanosomes in culture which is not possible by culti- 
vation in test tubes, I have cultivated Trypanosoma brucci in rat 
plasma on slides, using the tissue-culture methods of Harrison, Burrows, 
and Walton.8 The plasma was either inoculated with the trypanosomes 
themselves or used as a medium for the growth in vitro of various in- 
fected tissues of the host. In the plasma of the rat I have been able to 
keep the trypanosomes in a normal condition for an indefinite period, 
whereas by the use of Ringer's fluid or blood bouillon the organisms die 
after a few days.9 
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For one strain of trypanosomes, herein designated as 'M,' with which 
the experiments were made I am indebted to Prof. F. G. Novy of the 
University of Michigan. It is the same Nagana material which was 
used by Kanthack, Durham and Blandford, and Laveran and Mesnil 
for so many years. A second strain, 'R', was secured from Dr. W. Brown 
of the Rockefeller Institute. However, since both strains showed 
the same changes in the plasma medium, I shall confine myself chieflv 
to a description of strain M. Also, in describing the morphology of the 
forms studied, I shall refer, in this paper, to the larger nucleus merely 
as 'nucleus,' and the smaller nucleus as blepharoplast, thus avoiding any 
discussion as to the fundamental origin or theoretical significance of 
these structures. 

It will be necessary to keep in mind some general observations con- 
cerning the growth of this well known strain (M) in the rat, in order to 
interpret some of the phenomena observed in the plasma. The period 
in which the strain kills the rat after infection is generally three or four 
days in length, when 2 cc. of Ringer's solution, with six drops of blood 
taken from an animal shortly before its death, is used. When one 
trypanosome is used for inoculation, the lethal period lasts five days.'0 
At the end of this period, shortly before death, there appear generally 
only those forms which have a well marked nucleus and are known as 
'Schmalformen.' Schilling"t mentions them at this period, and Oehlert2 
considers them as 'Wucherformen.' Observed with dark-field illumi- 
nation, 72 hours after infection, these animals appear as shown in figure 1, 
f and g. Text figure 1, d and e, represents trypanosomes 62 hours after 
inoculation. These animals are larger because they are probably not 
in such a rapid period of multiplication as animals f and g. Forty-eight 
hours after inoculation animals of the type figured in figure 1, b and c, 
can be discovered. These forms are the so-called 'Breitformen,' which 
are distinguished by their wealth of granules. Since Kuhn and von 
Schuckmannt3 rarely observed forms filled with granules it would seem 
that they must have taken the material for their excellent cytological 
studies shortly before the death of the infected animal.'3 In strain M, 
after 48 hours infection, broad forms with granules prevailed, but forms 
without granules could also be detected. Trypanosomes which are 
about to die often show a granular appearance, but those observed in 
plasma, and figured in figure 1, a, b and c, were living and moving in the 
manner characteristic of Trypanosoma brucei. Thirty-six hours after 
subcutaneous inoculation the trypanosomes in the peripheral blood are 
very scarce. An example of an animal from the blood at this period 
is shown in text figure 1 a. The characteristic shape of the trypano- 
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somes is not yet assumed and the nucleus is not yet distinguishable. 
There remains, therefore, an interval of 36 hours after the new inocu- 
lation of strain M in which no typical trypanosomes could be discovered 
in the peripheral circulation. Crawley'4 shows that long continued 
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use of dark-field illumination is imnimical to protoplasm. Consequently 
great care must be taken in interpreting the different elements of the 
blood. The use of plasma instead of blood obviously eliminates many 
difficulties because only a few elements of the blood are transferred 
into this culture medium. 
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DESCRIPTION OF EXPERIMENTS 

The following short description of three typical experiments from a 
series of thirteen which were performed from September 25, 1914 to 
April 27, 1915, indicates that Trypanosoma brucei in slide plasma 
cultures undergoes different changes when maintained at a temperature 
identical with that of the mammalian blood (37?C.) from those which 
they undergo when maintained at a temperature (16?-18?C.) com- 
parable with that of an invertebrate host. 

Fig. 7 

Strain M, October 12 to 19, 1914. Culture kept at 37?C.-For this 
experiment the trypanosomes used resembled those of figure 1, animals 
f and g. The rat had been inoculated 84 hours, and died 2 hours after 
the experiment began. In figure 2, a trypanosome is pictured which 
has been six hours in the plasma medium. It was stained, after fix- 
ation with Schaudinn's fluid, with Giemsa feucht. This animal has the 
typical aspect of a trypanosome and proves that trypanosomes can 
live and divide in plasma at least six hours without changing their typi- 
cal forms. Incidentally it has been observed in dividing forms just 
mentioned that the nuckear division lasts 21 hours. 

After having been subjected to the plasma for 24 hours the trypano- 
somes divide more rapidly. One organism frequently produces four 
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or eight. Figure 2 b shows such a multiple division. In these speci- 
mens only nuclei are present, but several hours later almost every animal 
has a nucleus and a blepharoplast. The latter individuals grow and 
divide (fig. 2 e). The nucleus has become smaller, the blepharoplast 
is still lying in the posterior end of the animal, but the distance between 
them has been diminished. Also the undulating membrane has disap- 
peared. Division into two animals is most frequent on the third and 
fourth day (fig. 2 d and f), and generally on the fifth day small individuals 
(fig. 2 e) with somewhat trypanoform appearance are numerous. On 
the fifth day round forms appear (fig. 2 g). That they are capable of 
division is shown in figure 2 h. These forms on the fifth and sixth day 
become motionless, and the flagellum encircles the animal. Often the 
staining capacity of the flagellum partially disappears, as is shown in 
figure 2 i. It is not necessary that the formation of these 'involution 
stages' last six days since sometimes three days after the trypanosome 
is taken from the rat, the stage as figured in figure 2 e is attained. 

These small forms are, by dark-field ill'umination, actively motile, and 
finally after the flagellum encircles the cell, gradually come to rest. 
The nucleus appears yellowish, the blepharoplast has a reddish yellow 
tinge. These characteristic stages are the last forms visible in plasma 
culture at 37?C. 

It seems probable that these forms found at the end of the cycle in 
the plasma similarly occur in the mammalian host, and in developing 
there give rise to the recurrent cycles of trypanosome form. This 
would be a general confirmation of the views of Moore and Breinl, that 
'latent bodies' observed by them in blood are the cause of the cyclical 
appearance of those trypanosome forms which they studied, i.e., Try- 
panosoma gambiense, Trypanosoma equiperdum, and Trypanosoma 
lewisi. This view affords plausible explanation of the reappearance of 
trypanosomes in the blood, and would eliminate the necessity of accept- 
ing a theory which implies the occurrence of parthenogenesis.15 

Strain M, February 13 to March 13, 1915. Culture kept at 160 to 18?C. 
-After being 62 hours in the rat, the trypanosomes were transferred to 
the plasma medium, and kept at a temperature of 160 to 18?C. At this 
temperature the changes in the plasma medium do not proceed in as 
rapid a manner as at 37?C, the temperature of the mammalian blood. 
These were chiefly forms without granules (fig. 1, d and e). Figure 3, 
a and b, represents animals which have been forty-eight hours in the 
plasma. In these forty-eight hours no form changes are revealed by 
dark-field illumination, but frequently forms without a discernible 
nucleus are present (fig. 3 b). The wealth of granules is remarkable, 
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and divisions were noticed. The following day small actively motile 
forms appear (fig. 3, c and d). These are all without discernible nucleus 
when observed by dark-field illumination. In subsequent days these 
forms become smaller and do not change for an unlimited period, pro- 
vided the organisms are transferred into new plasma under sterile con- 
ditions. Often they seem motionless, then again they have a cork- 
screw-like motion in the plasma. Frequently they flatten out, like a 
disk, or their, edges fold over. 

The preparations of preserved specimens show divisions into four and 
eight individuals as well as single individuals and, very rarely, the round 
forms, such as have been already described from the higher temperature 
(figure 2, b, c, d, e, f, g and h). Besides these forms similar to those 
described in plasma at 370C., other types were found at 160 to 18?C. 
(fig. 4, a, b and c). Pear-shaped individuals are observed lying in clus- 
ters of from four to eight. The relative position of nucleus and ble- 
pharoplast has become changed in some of the animals observed at this 
period. The basal granule could not be distinguished, but the flagellum 
seems to arise from the blepharoplast. Figure 4, a shows such an animal, 
which perhaps might be termed crithidia-like because of the nucleus and 
the blepharoplast and the absence of an undulating membrane. This is 
the most frequent form in the plasma, and may be found even 30 days 
after the plasma is inoculated. These forms divide but undergo no fur- 
ther morphological changes. 

Rounded forms of the above mentioned type (fig. 2, g and h), and of a 
slightly different type can also be observed on the fifth, sixth and seventh 
day after inoculation into the plasma (fig. 4, c). In these the flagel- 
lum has disappeared and only a tail of protoplasm is to be seen. 
They have a slight resemblance to the Dauerstadien in the frog try- 
panosome described by Doflein16 except that in the latter forms the 
protoplasmic 'tail' has disappeared. In brief then, the full grown 
trypanosomes, in the plasma, at a temperature of 16? to 18?C., undergo 
changes which frequently lead to the formation of crithidia-like forms, 
and also sometimes, but rarely, to rounded forms. 

After discovering that the crithidia-like and the rounded forms do 
not undergo further changes in the plasma (they were in the plasma 
from February 13 to 21), I inoculated them again into the rat. Five 
days after this inoculation small forms were observed (fig. 5, a, b). 
These were full grown at the seventh day (fig. 5, c) and caused the death 
of the rat at the ninth day of infection. Figure 6, which presents ani- 
mals from another but exactly similar experiment, gives a good idea 
of these forms, which are present in the rat's blood on the fifth, sixth and 
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seventh days after the crithidia-like forms are reinoculated into the rat. 
The individuals shown in figure 6, f and g, are probably identical with 
the forms illustrated in figure 5, a and b. It is evident from these 
figures that animals with typical trypanosome form are not present in 
the blood at this period. However, that the forms which are present 
develop in the blood into Trypanosoma brucei has been proved by four 
experiments in which the inoculation of crithidia-like forms was carried 
out (fig. 5 c). The typical trypanosome forms did not always appear 
after the first inoculation of infected plasma into the rat. Sometimes 
two or three passages were necessary to effect this phenomenon-but 
sooner or later Trypanosoma brucei with its characteristic form was 
present. Every precaution was taken to exclude possible sources of 
error by contamination, etc. The blood of all rats employed was 
examined before inoculation for Trypanosoma brucei. The animals 
were kept in a room where animals with Trypanosoma brucei had never 
been before, and further, the rats were etherized to eliminate the highly 
improbable source of infection, the rat flea. This new strain M proved 
highly virulent and caused the death of the rat in three days. 

An attempt was made to determine in what organ of the rat the 
crithidia-like forms and the rounded forms underwent transformation 
into the typical trypanosome form. Pieces of spleen, liver, heart and 
lungs of rats, infected with these forms, were implanted into plasma and 
kept alive and growing for a considerable time. Study of these tissue 
cultures failed to reveal any full grown trypanosomes. Only twice 
were even crithidia-like forms found in a culture of lung tissue. It is 
necessary for these experiments to be repeated on a larger scale for it 
is certain that rats infected with crithidia-like forms carry them, or 
young trypanosomes, for a considerable time. It is quite probable 
that this phenomenon goes on in nature and that some wild animals 
are the carriers of the infection by means of the form under discussion, 
even where full grown trypanosomes cannot be detected. 

Finally, I shall briefly describe some changes in Trypanosoma brucei 
in plasma which I have succeeded in obtaining but once. The experi- 
ment was started in the same way and under the same conditions as 
outlined above, the plasma being kept at 16? to 18?C., etc. After twenty- 
four hours numerous trypanosomes without definite nucleus appeared 
(figure 7, b, c, d, e). They resemble the forms of Trypanosoma brucei 
which Bradford and Plimmer17 observed in the lungs. These animals I 
found dividing rapidly until at the third day two types were present as 
shown in figure 7, f and g. The following day also two different types 
could be distinguished: animals with a clearly defined nucleus, but with 
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no trace of a blepharoplast or flagellum (fig. 7, i and k), and animals with 
nucleus, blepharoplast and flagellum (fig. 7, h). They were much smaller 
and narrower than the typical Trypanosoma brucei. The significance 
of this temporary disappearance of the nucleus is not clear. Such 
animals might be compared with von Prowazek's so-called 'indiferrente 
Formen.' However, the two different types which arise from these 
animals are not degeneration forms because they give rise to small try- 
panosomes (fig. 7, 1) about eleven days after inoculation into the plasma. 
The appearance of the above mentioned types gives the only suggestion 
of dimorphism, which some might interpret as sexual in nature, which 
has appeared in my experiments. 

Sutmmatry.-It is believed that the method employed in these experi- 
ments-which is a modification of tissue culture methods and excludes 
the possibility of the presence of confusing flagellate organisms-affords 
the means of following, outside the body of the invertebrate host, the 
sequence of changes in the life of trypanosomes. 

Thus far its use has resulted in the discovery of dimorphic forms, 
latent or round forms, and crithidia-like forms in Trypanosoma brucei 
outside of the invertebrate host. The crithidia-like forms, when 
reinoculated into a rat, give rise to typical Trypanosoma brucei from 
which they had taken their origin. 
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